Models of diving optimality qualitatively predict diving behaviours of aquatic birds and mammals. However, none of them has been empirically tested. We examined the quantitative predictions of optimal diving models by combining cumulative oxygen uptake curves with estimates of power costs during the dives of six tufted ducks, Aythya fuligula. The effects of differing foraging costs on dive duration and rate of oxygen uptake (Ṽ O 2 up ) at the surface were measured during bouts of voluntary dives to a food tray. The birds were trained to surface into a respirometer after each dive, so that changes in Ṽ O 2 up over time could be measured. The tray held either just food or closely packed stones on top of the food to make foraging energetically more costly. In contrast to predictions from the Houston & Carbone model, foraging time (t f ) increased after dives incorporating higher foraging energy costs but surface time (t s ) remained the same. While optimal diving models have assumed that the cumulative oxygen uptake curve is fixed, Ṽ O 2 up increased when the energy cost of the dive increased. The optimal breathing model quantitatively predicted ts in both conditions and oxygen consumption during foraging (m 2 t f ) in the control condition, for the mean of all ducks. This offers evidence that the ducks were diving optimally and supports the fundamentals of optimal diving theory. However, the model did not consistently predict t s or m 2 t f for individual birds. We discuss the limits of optimal foraging models for air-breathing divers caused by individual variation. 
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An air-breathing animal that is foraging underwater must decide when to leave the site of resource to surface and ventilate its lungs. This requirement to move away from the feeding site to obtain oxygen imposes a considerable limitation during periods of foraging. Air-breathing divers are assumed to have evolved to apportion their time between the surface site and the feeding site to maximize the proportion of time spent foraging (Kramer 1988).
Popular models of diving optimality that have qualitatively predicted the optimal surface duration of a diver (e.g. Kramer 1988; Thompson et al. 1993; Carbone & Houston 1996; Mori 1998) have assumed that the rate of oxygen restocking after a dive exponentially decreases with time, producing a smooth curve of diminishing oxygen gain. Kramer (1988) argued that this is because the partial pressures of the animal's oxygen stores increase with time at the surface, which causes a decrease in the difference in partial pressures between the stores and ambient air, thus decreasing the rate of oxygen diffusion.
Because the lung system of mammals collapses during descent (Kooyman & Ponganis 1998), most of the oxygen stores in these animals are bound to haemoglobin and myoglobin and thus it is likely that this smooth curve would be seen. However, the respiratory tract and air sacs of birds form on average around half of their oxygen storage capacity (e.g. Keijer & Butler 1982; Croll et al. 1992) . Therefore, in contrast to mammalian divers, myoglobin and haemoglobin do not dominate the oxygen stores of birds. Walton et al. (1998) suggested that oxygen must enter the caudal air sacs, via the primary bronchi and caudal secondary bronchi, before it becomes available for physiological gaseous exchange in the parabronchi. They predicted that avian divers will produce a biphasic oxygen uptake curve with the first region representing oxygen taken into the air sacs and the second representing recovery of haemoglobin and myoglobin stores. Parkes et al. (2002) have shown that the oxygen uptake curve in tufted ducks is biphasic during longer dives, although this is probably not due to the respiratory anatomy of the bird but rather to changes in respiratory frequency over time.
Both the smooth oxygen uptake curves of earlier models and the biphasic curve of Walton et al. (1998) predict a variety of optimal behaviour patterns. These concern adjustments to surface duration and foraging duration in response to changes in dive depth and energetic costs during the dive. It is likely that the details of the oxygen uptake curve have a critical effect on the gross
